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The report was administered under the direction of the Materigls Jatoratoery, Dirsc-
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f e ks LAY

The melting priats of lithium scaps, which were prepared from hydroxysteaiic
acids, werc determined. These soaps were combined with synthetlic oils to prepare
greases wnich, in turn, were analiyzed Lo debermiis bLhiir plysical and chomical
properiisce Except for water resistance, oil separstion, and mechanical stability,

the greases mede from lithium 9 or 10 hydroxystearate were found tc possesc proper-

ties aqual to those of lithium 12 lgdroxystearate.

PUBLICATION REVIEW

This report has beea reviewed and is approved.

FOR THE COMMANLER:

= V
//,,? - M., R. WHITMORE
= Teachinical Director

Materials laboratory
Directorate of Research
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SUMMARY

Samples of 9/10 hydroxystearic acid were mubmitted by the United i{tates Depart-
ment of Agriculture and Emery Industries, Inc. to ths Materizlas Laboratory for eval-
uation as grease-thickening agents. Only slight differences exist between the
properties of these acids and the lithium soaps made from them. uelting pcinis of
the lithium 9/10 hydroxystearate soaps compare favorably with lithium 12 hydroxy-
stcarata. The soaps of these acids produce a somewhat softer grease than that prc-
duced by the same percentage of 12 hydroxystearic acid soap when used with the same
base~0il; but they appear to be good geiling agents.

Preliminary investigations revealed that lithium 9/10 hydroxystearate greases
cormpared favorably with lithiww 12 hydroxystearate greases excspt for mschanical
stability, oil separation, and water resistance. These deficiencies probably can
be corrected by further study.

Initial uttempts to improve the mechanical stability of lithium 9 or 10 hydrox-
ystearate greases have been encouraging; consequently, future work will be  devoted
to study along this line in order to formulate greases that will meet the specifica-
tion requirements of current aircraft greases.

SECTION I

TSR AT T
il sy va wwise

Many greaces curreuvly used in the Air Force are made from materials that are
imported or whose supply is limited. 1In the event of war the source of supply may
be cut off or becoms insufficient for the needs of the Air Forss. It is ueuruw.e,
therefore, to use non-critical matarials which are chteined from domestic sources in
the development of greases which are as good or better than present Air Force lubri-
cating greases. This task is to be accomplished by the investigation of 9/10 hydrox-
ysiearate soaps, non-soap thickeners, and synthetic oils other than those derived
from castor o3l

1s svaluated as greasze-thicikening agents in this inmestigation were
8 of 12 lvdrox,ystearic acid and 9/10 mrdrovsteanc acids Some air-

eraft lubricating grsasss in cur:

thickening agents. These acids ars deriVed from castor oil, an imported and expen-
sive material. Tallow, an inexpensive domestic prcduct, is the raw material from
which 9/10 hydroxystearic acid is obtained.

c"

SECTION 1I
PREPARATION OF LITHIUM HYDROXYSTEARATE SOAPS

Lithium scaps were prepared from the following acids:

*”~

1) %/i0 n ‘yuroxysnearlc acid (MLG~64l3); melting point, 66.5° to 73.5°C;
supplisd by Emsry Iad.. Inc.
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(2) 9/10 hydroxystearic acid (MLG=6395); melting point, 70.0° to 75.0°C;
supplied by NRRL Dept. of Agrice

(3) 12 hydroxystearic acid (MLG-6855); melting point, 75.0° to 76.0°C;
supplied by Emery Ind., Ince

A lithium hydroxide base, manufactured by Metalloy Corp., was also used in the
preparatinn of the qoap, but alt.hough labeled annydrous, it proved tc be an old

Eplt. snd was found Vo convain & small percenvags of watere.

A predstermined amount (usually 100 gm) of the acid was placed in a one=liter,
stainless steel beaker. Distilled water was added to the acid until the beaker was
about half full. Then, ths beaker was heated in an oil bath until tiw mixture was
slightly warmer than the melting poinmt of the acide The mixture was stirred by an
alr-driven, glass stirrer.

An equivalent weight of lithium hydroxide, having been previously dried (or
corrected for a known moisture content), was placed in a separate beaker. Distilled
water was addcd; the solution was warmed and then decanted into the acid mixture in
the stainless steel beaker. This process of adding water and decanting the solution
was repeated until all the base was added to the acid mivture

After heating (80° — 90°C) and stirring for at least one hour, this mixture
was allowed to cool; it was then filtered through a2 Buchner funnel. The soap that
collected in the filter was returred to the stainless steel beaker; more distilled
water was added; and the mixture was heated and stirred for at least another hour.
This mixture was allowed to ccol and was then refiltered through a Buchner funnel.

The soap was dried in an oven at 1602 to 210°F for at least 2l hours.

The following melting noints wers observed for the lithium soaps supplied by
Fmery Ind.. Inc.. NRRL Dept. of Agric., and Emery Ind., Inc., respectively:

(1) 1ldiihium 9/10 hydroxystearate (MLG-6859) 201° — 2ulk.5°C

~~
n
Sor

lithium 9/10 hydroxysiearate {MLG-6858) 207° — 210°C

{3) lithium 12 hydroxystearate (MLG=6857) 207° — 208.5°C

SECTION IIX
PREPARATION OF LITHIUM HYDROXYSTEARATE GREASES

Greases were made from i[LG-6359, MLG-6858, MLG-6857, and the following oils:
di-(2 ethyl hezy...) sebacate \Dist led), supplied by Rohm and Haas Co.; tri decyl
azemw Lbis(tridecyl) azelats] , supplied oy Emery Ind., Inc.; dipropylene glycol
dipelargonate, supplisd by Emery Inde., Ince

A predetermined amount (18 gm) of the lithium-base scap was weighed in a stain-
less steel beaker to which the proper aimount of oil (132 gm) was then added to give
the desired percamages of asap and ul.l.o The besaker CUuuauuug the mixture was ulien
prohweted on a not-plate Lo zboul .L;J Cy and then pisced in an oil bath which was
held at 220V to 230“C. The soap and oil mxtura was stirred until the soap had
msited completely into the oil (190° to 200°C.). The beaker was removed from the oil

WADC TR Sh~is6 2



bath; and the mixture was quickly quenched by pouring it on & stainless steel table
top. The resulting greass was milled three times through a three-roll paint mill
having a cleciance between rolls of about 0,002 inches.

Table I shows ths different grcases that were made by combining the thickeners

(lithium soaps) with the oils in the proportion of 12 and 88%, respectively. Dupli=-
cate batches of each grease were made to check their reproducibility.
TABLE T
GREASE FORMULAT ION
IDENT LITHIUM OIL MICRO
NO. SQAP PENETRAT ION

MLG~6701 M1LG-6857 di(2 ethyl hexyl)sebacate 62
MLG=67C2 MLG~6859 di(2 ethyl hexyl)sebacate 135
MLG-6836 M1.6-6859 di(2 ethyl hexyl)sebacate 16k
MLG-6703  MLG-6858  di(2 ethyl hexyl)sebacate 122
MLG=6838  MLG=6858  di(2 ethyl hexyl)sebacate 81
MLG=6704 MLG-6858 dipropylene glycol dipclargonate 65
MLG=6837 MLG~6858 dipropylene glvcol dipelargonate 147
MLG=6705 HLG~6859 diprocpylens givcol dipelargonate 72
MIL.G~5835 Mg c-4859 dipropylene glycol dipelargonate 95
MLG-671  MIL.0~6857 dipropylene glycol dipelargonate us
ML.G-683L MLG~6857 dipropylene glyccl dipelargenate k3
MLG-6753 MLG=6858 tri decyl azelate 70
MLG=6778 MLG-6858 tri decyl azelate 66
MLG=6754  MLG-5859  tri decyl azelate 81
MLG~6773  MLG-6859  tri decyl azelate 72
MLG=6755 MLG-6857 tri decyl azslate L2
MLG~6833  MIG=6857  tri decyl azelate LS

The palling powar of the lithium y/1C0 nydroxystearates proved tc be less than
that of lithium 12 hydrcxystearate. With a few exceptions, reproducibility of the
greases (determined by their initial consistency) was goode For ihose cases in which
the consis’ency varied for different batches of the same material, the greases were
made from lithium 5/10 hydroxystearste and di(2 ethyl hexyl)sebarate or lithium $/10
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hydroxystearate and dipropylene glycol dipelargonate. This was probably due to a
false ccnsistency which is somstimes obtained with a low percentage of soap when
using this type of owanching, that is, when chilling rapidly on a stainless steel
shaet. It wiil be noted that where the tri decyl azelate was used with the lithium
9/10 hydroxystearats the reproducibility of different batches of this grease was good.
This can be attributed to the higher viscosity of tri decyl a2zslats which made the
percentage cof soap used in this case adeguate.

SECTION IV
PHYSICAL AND CHEMICAL EVALUATION CF LITHIUM HYDROXYSTEARATE GREASES
Mechanical Stability

The mechanical stability of the greases was checked in the Hain Microworker.
Lithium 12 hydrocxystearate exhibited excellent mechanical stability, whereas the
mechanical stability of the lithium 9/10 hydroxystearate was only fair.

Electron micrographs were made of the greases to determine if the betier
mechanical stability of the lithium 12 hydroxystearate grease was due to a differ-
ence in fiber structure. Examination of the slscirch micrographs revealsd that the
1lithium i? hydroxystearate (Figures 1 through 5) had a twisted, symmetrical fiber
structure which has bsen credited with giving good mechanical stability. The
1ithium 9/10 hydroxystearate (Figures 6 through 9) had a rod-lils structure, and the
fibere were packed togsther in bundlss. After working, both the lithium 12 hydrox-
ystearate and the lithivm 9/10 hydroxystearate fibers appear to be grouped closer
together.

The lithium 12 hydroxystearate fibsrs, when packsd together, do not form a
solid mass, but give a lattice-type structure with mtny interstices which present
a large surface area 2f ths thiclener for retention of the o0il; thia resnlisr in=a
v ; 1 L 18 grease dus Lo WorkKing.

" The fibers of lithium 9/10 hydroxystearate are also packed together on working,
but, here, a more solid mass is formed, reducing the surface area of the thickener
which results in a reduction of its oil retaining ability. This causes a greater
brasakdown of lithium 9/10 hydroxystearate greases when worked. The micropenetra-
tions of ths lithium hydroxystearate greases are listed in Table 2.

TABLE II

HESCHANICAL STABILITY OF GREASES

IDENT MICROPENETRAT ION -
HO.  Initial ASTM Strokes Worksd in Hain Microworker
50 1G0 500
MLO~6701 62 mm/10 7L =m/10 71 m/10 94 /10
ML.O-A702 135 mm/10 172 mm/10 206 mm/10
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TABLE II (Continued)

IDENT MICROPENETRAT ICN
NO-  1nitial ASTM Strokes Worked in Hain Microworker
50 100 500
yro-4836 164 mmy/10 257 m/10 248 mm/10 260 mz/10
WL.G=6703 122 mm/10 151 mm/10 185 mm/10
MLG~6838 81 mm/10 129 mm/10 13 mn/10 207 =/10
MIG~670L & mm/10 89 mm/1C 108 m/10 130 m=x/10
MLC~6837 147 m/10 253 mm/10 266 m/10 304 mmy/10
MLG-6753 70 mw/10 115 mm/10 115 mn/10 143 mm/10
MLG=6778 66 mm/10 101 mm/10 115 m/10 142 mm/10
MLG=6705 72 mm/10 106 mm/10 146 mm/10 153 mm/10
u1C-6835 95 mm/10 15 m/10 157 =m/10 195 mm/10
MIG=-675L 81 mm/10 128 mm/10 2 wm/i0 164 mm/10
MLG=6773 72 mm/10 100 mm/10 122 mm/10 140 mm/10
MLG~671L L5 mm/10 56 mn/10 59 mn/10 72 vm/10
UT.Geb6830 L3 mm/10 50 mm/10 Sh mm/1C 58 @m/10
MLG=6755 L2 m/10 52 m/10 57 m/10 & mm/10
MLG~6833 LS mm/10 55 mn/10 43 mm/10 6 my/10
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Magritication: 32,100 Limes
Scale: 1.l4 ine = 1p

Y

Figure 1. Unworked Sample of ML0=6833 (12§ Lithium 12 Hydroxystearate and
86¢ Tri decyl azelate}
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Megnification: 32,100 times
Seale: 1.1k ine = 1

Figure 2. Worked Semple (500 Strokes by Hain Microworker) of WMLG-6833
(12¢ Lithium 12 Yydroxystearate and 88% Tri decyl azelate)
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Maonificationt 32,100 times
Scale: 10111 in, = 1y

Figure 3. Unworked Sample of MLG-683hL {(12¢ Lithium 1
- ] -
e

2 Hydroxystearate
and 88% Dipropylens glyco &
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Magnification: 32,100 times
Scale: 10“& in. =

Figure Lo Worked Sample (500 Strokes by Hain Microworker) of MI.G=683L
(12% Lithium 12 Hydroxystearate and 88¢ Dipropylene glycol dipelargonate)
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Magnification: 29,000 times

Seale:s 1.1k din. = du

Figure 5. Unworked Sample of MLG=6812 (124 Lithinm 12 Hydroxystearate
i . and 884 Di (2 ethyl hexyl) sebacate)
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Figure 6. Uaworked Sanple of MLG~683& (12% Lithium 9/10 Hydroxystearate

WADC TR 5k=Lé6

Magnification:

Scale:

l.1k4 in.
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and 88% Di (2 etlyl hexyl) sebacate)
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Figure 8. Unworked Sample of L0=6838 (12% Lithium 9/10 Hydroxystearate

and 385 Di (2 etlyl hexyrl) sebacate)
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Magnification: 32,100 times
Scale: l:lh ine = 1’1

Figure 9. Worksd Sample (500 Strokes by Hain Microworker) of MLG=6838
(12 Lithium 9/10 Hydroxystearate and 88% Di (2 ethyl hexyl)
sebacate)
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0il separation

The greases were tested for oil separation in mccordance with Federal Specifica-
tion VV~L-791, method 35.1. Table 3 gives the different greases “ested and the per=
centage by weight of oil lost.

TABLE III

OIL SEPARATION OF GREASES

ITENT NO. WEIGHT LOSS (PERCENT)
MLG-6701 0.0k
MLG-6702 5¢72
MLG-6836 8.L0
MLG=6703 Se3l
MLG~6838 6.00
MLG~6 70l 2.05
MLG-6837 6.00
MLG~6753 5.40
MLG-6778 3.02
MLG-6705 5.17
MLG=6835 8.10
MLG=6750 530
MLG~5773 3.25
MLG=671L 0.06
MLG-6834 0.00
MLG=6755 1.10
W1.G-6833 020
The greases made from lithium 12 hydrcxystearate soap extiibited very small
bleeding losses. The oil separation in lithium 5/1C hydroxycicarats gresees was

much greater; and in several cases exceeded the maximum weight loss of 5% allowed
upder Military Specification MIL-G=3278; Grease; Aircraft and Instrument,

The large amount of o0il separation in the lithium 9/10 hydroxystearate gresases
can be attributed to the percentage of soap present. Increasing the amount of soap
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to produce a grease of a consistency comparable to that of a lithium 12 hydrex-
veiLeavats greass would undoubtediy reduce the amount of ¢il separation.

Water Resistance

The lithium 12 hydroxystearate and the lithium 9/10 hydroxystearate greases were
tested for their water resistance in the manner given by the following specifica-
tions:

Water Immersion Test, Military Specification MIL-G-3278, Grease, Aircraft and

Instrument, and Water Resistance, Federal Specification VW-L~791e, Method

3252.1.

On the basis of the conducted tests, greases made with lithium 12 hydroxystearate
have batter water resistance than those made from lithium $/10 hydroxystearate. Re-
sults of these tests are found in Table IV.

TABLE IV

WATER RESISTANCE OF GHEASES

WATER RESISTANCE TEST
IDENT NO. (VV-1L-791e, Methcd 3252.1)
WEIGHT LOSS IN FERGENT

WATER IMMERSION TEST
(MIL-G=-3278, Par. L.2.2.k.)

MLG-6701 £.97 Passed
MLG~6836 2h.22 Passed
MLG-6838 15.73 Passed
MLG-670Lk 2.57 Passed
MLG-6837 27.98 Passed
MLG-6835 13.75 Passed
MLG-6834 1.98 Passed
MLG-6833 2,92 Passed

Wear Characteristics of Greases

The lithium hydroxystearate greases were tested on the Navy (sar Wear Tesitsr
in 2ccordance with Wilitary Specification MIL-G-3278, Grease, Aircrafi and Instrument,
aragraph 4.2.2.8. Results of thase tests are founi in Tabie V.



TABLE V

WEARTNG CHARACTERISTICS (F GREASES

WEIGHT LOSS IN MILLIGRAMS
(After 1000 Cycles)

IDENT NO.

S«=pound Load 10-Pound Lead
WLG=6701 0¢63 1.27
MLG~6836 0.5L 1.15
ML.G~6838 0.L48 0.88
MLG=6704 0.L6 1.40
MLG-6837 0.52 0.65
MLG-6705 0.59 1.20
H.0-6832 Ceisd 0.66
MLG-683L 0.55 1.22
MLG-6833 0.42 1.40

The wear chara tics of both typss of the hydroxysiezrate greases are good

~
e =
a
-

on the basis of thi

Oxidation Stability

Samples of the uninhibited greases were examined for their resistance to
oxidation to dstermine the extent of oxidation of both the lithium 9/10 hydroxy=-
stearate and the lithium 12 hydroxystearate greassse. The cxidation stability of
the greases vwas determined VU the Oxygen=Bomb msthod in accordance with Federal
Specification VWW-L=791, Methzd 3L45.3. Table VI indicates the results of thi test.

TABLE VI
OXIDATION STABILITY OF GREASES

IDENT NO. PRESSURE IROP
MLG~6833 7h psi in 100 hrs -
MI.G=6773 80 psi in 100 hrs
MLG-67178 80 psi in 100 hrs
MLO~£83U 76 psi in 71 hrs
MLG~6835 77 psi 1ia €8 hrs
MLG-6837 83 psi in 100 hrs

WADC TR Sk=L$ 17



Thsro was no apprecisble difference in the rate of oxidation of any of the
lithinm hydroxystearate greases,

Copper Corrosion

All of the greases were tesied for their resistance to copper corrosion, in
accordance with Federal Specification VV=L-791; Method 530.9. All the lithium 12
and the lithium 9/10 hydroxystearate greases passed this test.

Melting Points

The melting points of the greases were determined, and are recorded in Table
VII.

TABLE VII

MELTING PCINTS CF GREASES

IIENT NC. nnoppmngom'r
MLG-6701 365
MLG=6702 352
MLG~6836 35k
MLG-6703 367
MLG~6838 370
MLG-670k 372
MLG-6837 37h
MLG~6753 37k
¥LG-6778 367
MLG~6705 365
MLG~6835 364
MLG-6T5 365
MLG=6773 360
MLG-6T1L 369
MLC-683l 364
MLG-6755 372
MI.C=6833 36

WADC TR SLelb 18



SECTION V

TMPROVEMENT CF MECHANICAL STABILITY

Several attempts have been made to improve the mechanical stability of the
lithium 9/10 hydroxystearate greases. Three meihods were used in an effort to im-
prove their mechanical stvability: {1) attempt to change the fiber-structure;

(2) increase the amount of thickener; (3) add small amounts of other thickeners

along with the lithium 9/10 hydroxystearate in preparing the greases.
Method #1
A grease was prspared using the following formuiation:

15% lithium 9/i0 aydroxystearate
854 di (2 ethyl-hexyl) sebacate

The scap and oil were added to a two neclk flosk fitted with a glass stirring rod and
a thermometer. The flask was heated with a glascol heater controlled by a variac.
This mixture was heated to the melting point (202°C) and held for % mimtes. The
solution was then chilled by pouring it onto a stainless steel table top and the
grease milled on a three-roll rolier mill with .00Z2-in. cisarancee Tiiis matsrial
was given the designaticn of MLG-9750. Ths mechanical stability of this grease

was comparable to that of previous lithium 9/10 hydroxystearate greases.

Method #2

A soap was prepared by reacting 20% 12 hydroxystearic scid and 80% 9/10 hydrox-
ystearic acid with the proper amount of lithium hvdroxide. The soap which re-
sulted was used in the preparation of a grease with the following formulation:

(1ithium 12 hydroxystearate (20%)

15%
lithium 9/10 hydroxystearate (80%)
85¢% di (2 ethyl-hexyl) sebacata

This grease was prepared in the same mannsr as MLG~-9750. However, a melt was
chtained at 180°C. The mixture was heated to 186°¢C and held for S minutes. The
grease was assigned ML(G~9801. The mechanical stability of this grease was beiter
than MLG-9750, but it =< not as good as that of the lithium 12 hydroxystearate
greases.,

Method #3

The grease formulation used in studying the effects of temperature on fiber-
structure was ths sams a5 that of ML0O-9750. Preparaticon cf ths groass was zimilar
to that of MLG-9750. Howsver, the mixture was heated well beyond the melting point
(2029C) to 228°C and held Sor § minutes.

Mechanical stability of this grease, MLG-9771, was better than that of MLG-9801
and MLG-9750, and was comparable to that of lithium 12 hydroxystearate greases. A
one powx batch of MLG-9771 was made using the same technique employed previously,
and was given the identification number MLG~9918. The mechanical stability of this
grease was tested as follows:

Unworked Penetration - ASTM Method
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Worked Penetration - Federal Specs VV=L=791, Method 31l.1
Worked Stability - Federal Spece VV«L=791, Method 31.3

Datz on the mechanical stability of the preceding greases are listed in Table VII

-
e

TABLE VIII

MECHANTCAL STABILITY OF GREASE

MLG INITIAL STROKES UNWORKED WORKED WORKED
e ASTM WORKED IN ASTM PENETRATION  STABILITT
e MICROPENETRATION WICRGWORKER  PEWRTRATION

100 500
9918 - - - 246 mm/10 250 mm/10 340 mm/10
9771 51 65 106 - = .
6701 62 7 94 - - -
5750 140 - 33 s = =
9RO1 53 9G 130 - - -

Electron rdcrographs were taken of MLG~9801 and MLG~9771. The unworksd sample
of MLG~9771 (Figure 10) revealed the same type of rod-like fiber previously encoun=
tered for iithium 9/10 hydroxystearate greases. However, the rods wore not packsd
togeiher in such large bundles and were well defined. The worimd sample of MLG=9771
(Figure 11) shows the usual clumping of soap-fibers as a result of working the grease.

The fiber-structure of MLG=9801 (Figure 12) was similar to ihat of the other

lithium 9/10 hydroxystearate greases. However, the fibers were better defined and
tne length to widbth ratio ssemsd ©o bDe increaseda
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Magnification: 29,000 times
Scale: l.lb in. = 1p

Figure 10. Unworked Sample of MLG=9771 (15% Lithium 9/10 Hydroxystearate
and 85¢ Di (2 ethyl hexyl) sebacate)
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Magnification: 29,000 times
Scale: l.lh in. = 1p

Figure 11. Worked Sample (500 Strokes by Hain Microworker) of MLG-9771

(15¢ Lithium 9/10 Hydroxystearate and 85% Di (2 ethyl hsxyl)
sebacate)
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Magnification: 29,000 times
Scale: 1l.lh in. = 1lp

Figure 12. Umworked Sample cf MLG=9801 (3% Lithium 12 Hydroxystearate,
12% Lithium 9/10 Hydroxystearate, and 85% Di (2 ethyl hexyl) sebacate)
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